ABSTRACT
INTRODUCTION
According to the Merriam-Webster online dictionary (as of September 20, 2018) , the term "standard," has several definitions, including "something established by authority, custom, or general consent as a model or example," and "something set up and established by authority as a rule for the measure of quantity, weight, extent, value, or quality." The word broadly implies agreement and consensus, whether that happens by formal or informal means, is enforced, recommended, or merely common practice. From a collections perspective, libraries have traditionally been interested in standards that are formally published by recognized standards bodies (e.g., the International Organization for Standardization (ISO), ASTM RUNNING HEAD: Standards Collections: Future Considerations Page 2 International). These standards are termed "de jure," an expression that means "according to law," but with regard to standards, it signifies the documents are formally published by standards organizations, but not necessarily required by law. This is in contrast to other types of standards, such as company standards that are created for internal use only (Thompson 2011) , and de facto standards that are widely accepted as common practice, but considered "informal," typically representing only a single company's approach, or the practice of a private industry alliance, known as a standards consortia (Katusic et al. 2017) . Broadly, "de jure" standards may also be referred to as voluntary consensus standards (although compliance is mandatory if a standard is referenced in federal, state, or local regulations), technical, engineering, or industry standards. Standards are important for many reasons, including to promote safety, provide quality assurance to consumers, and to facilitate the interoperability of products and components (Thompson 2011) . It has been reported that more than 93% of global trade has direct ties to standards and technical regulations (OkunKozlowicki 2016), signifying their broad applicability and wide appeal.
Many types of libraries, including public, corporate, and academic, collect standards, which is evident by standards guides on library websites. Members of the public may be interested in standards for a variety of reasons, including learning about standards applicable to their product purchases, for the construction of their residences, and for entrepreneurship endeavors. Likewise, professionals, and students preparing to be professionals, need to be aware of standards that affect their current and future work. While standards are applicable to many fields, they are vital to the work of engineers and technologists, who design and maintain many of our society's products, systems, and its infrastructure. According to Osif RUNNING HEAD: Standards Collections: Future Considerations Page 3 (2014), standards play a crucial role in the engineering design process, in considering "issues of safety, legal constraints, and/or professional standards for performance interoperability." ABET, the organization that accredits engineering programs, stresses the importance of standards education in its Engineering Accreditation Commission (EAC) and Engineering Technology Accreditation Commission (ETAC) accreditation criteria. The 2018-19 EAC criterion 5d states, "students must be prepared for engineering practice through a curriculum culminating in a major design experience based on the knowledge and skills acquired in earlier course work and incorporating appropriate engineering standards and multiple realistic constraints (ABET 2017a)." Additionally, the 2018-19 ETAC criteria requires the student outcomes of "an ability to conduct standard tests and measurements" (3.c) and an "an ability to…identify and use appropriate technical literature" (3.f) (ABET 2017b). Also, the ETAC Mechanical Engineering Technology program criteria requires "basic familiarity and use of industry codes, specifications, and standards," (e) and the Electrical Engineering Technology program criteria, the "application of…engineering standards" (a) (ABET 2017b).
All of these references to standards have been maintained in the proposed changes to the EAC (ABET 2017a) and ETAC (ABET 2017b) criteria for 2019-20 (approved in 2017) , indicating standards education continues to be a priority for future graduates of engineering and technology programs.
Additionally, employers expect new graduates to be familiar with finding and applying standards upon hire. In a survey of employers, Harding and Mcpherson (2010) found that 58% of respondents "agree that there is a need for engineers who possess the fundamentals of standards development and the knowledge to find and apply standards prior to employment." Likewise, both Jeffryes and Lafferty (2012) and Napp (2017) found that engineers (co-op students and professionals, respectively) reported needing to use standards in their on-the-job experiences more frequently than any other resource type.
Given the continued emphasis placed by ABET and industry on the importance of standards education for engineering and technology graduates, it is clear that academic libraries need to plan for the future of their standards collections. To lay a foundation for this topic, this paper first provides a brief history of standards development in the United States and standards collections development in academic libraries. Next, the author discusses the uniqueness and challenges of standards collections compared to other resources, and shares a case where Purdue University Libraries received federal funding from the National Institute of Standards and Technology (NIST) to develop openly available curricular materials to promote the integration of standards collections into engineering and technology undergraduate programs. Lastly, the author discusses considerations for the next generation of academic libraries standards collections.
STANDARDS DEVELOPMENT IN THE UNITED STATES
In the United States formal standards development began the early 1900's, largely in response to needs for standardization in the railroad and manufacturing industries during the late nineteenth century (Russell 2005) 
STANDARDS COLLECTIONS IN ACADEMIC LIBRARIES
Standards collections have largely been associated with academic engineering libraries, despite having connections to many other disciplines, including business, economics, and law.
Engineering subject libraries began emerging at academic institutions in the United States in the early 20 th century (White 2016 ). Early engineering library literature discusses collecting textbooks (White 2016) , books, and periodicals, with periodicals emerging as a preferred source for engineers due to the currency of information on scientific and technological developments (Hyde 1948 
CHALLENGES OF STANDARDS COLLECTIONS
Reviewing the literature on standards collections makes it apparent standards are unique resources and impose significant discovery and access challenges for academic libraries.
With regard to discovery, Musser (1990) described the vast numbers of standards in existence and the lack of a comprehensive index to the standards literature as challenges.
Thompson (2001) Libraries that utilize standards aggregators can evaluate the cost-effectiveness of adding single standards to their platforms to allow multiple users at the institution access to individually purchased standards.
In the past, interlibrary loan (ILL) was considered a good option for obtaining
standards not owned in library collections (Musser 1990 modules (see Figure 1) , a database of student produced standards case studies, and a badging system, complete with integrated assignments and assessments that allow students to earn and display micro-credentials of their standards competence to potential employers. The badges are compliant with the Open Badge Initiative (OBI) and can be displayed on websites and through various platforms, such as LinkedIn and Facebook, where potential employers can link to view the work the student completed to earn the micro-credential. To initially assess the modules, the researchers surveyed the workshop attendees and conducted a usability study with engineering and technology students. Overall, the results indicate the modules cover valuable content, and are engaging and easy to navigate. The researchers are in the process of implementing minor improvements based upon workshop attendee and student feedback. Additionally, the researchers plan to assess students' standards knowledge and abilities to identify and locate relevant standards pre and post intervention by examining student performance on assignments in the MET course. By reviewing student bibliographies for open-ended design projects in this course, and other courses students take later in the MET program, the authors will gain valuable insight into the frequency and types of standards used to inform collection development.
FUTURE CONSIDERATIONS
The future of technical standards collections in academic libraries will continue to be challenging in many respects, but also has the potential to be exciting and value-added for both librarians and library users.
Access to formally published standards will continue to be costly and complicated and require librarians to consider carefully the options available to make the best choices for their libraries and users. DRM restrictions, which are in place now on many electronic standards, may become more widespread and extend further than standards in .pdf format (Petosa 2013 ).
RUNNING HEAD: Standards Collections: Future Considerations
Page 13 There is discussion in the standardization community to move beyond the .pdf to make standards themselves more interoperable, and enable conceptual linking between referenced and related documents, to lessen the burden on standards users. At times, users may need to access hundreds of related and inter-connected standards for their work (Saunders 2018 One future trend in standards development that is beneficial to all academic libraries, from a cost perspective, is the move towards increased use of "de facto" standards (Katusic et al. 2017) , which are often openly available on the developer's website. Formal "de jure" standards can take significant time to develop. According to ISO's website (as of September 28, 2018), it typically takes three years for a standard to be created. In today's world, with technology changing rapidly, standards are often needed more quickly than the formal "de jure" process allows. Companies and standards consortia can move faster to develop "de facto" standards at the point of need, which can complement the "de jure" process (Katusic et al. 2017 ). However, "de facto" standards can pose challenges for discovery, since they are not included in aggregator indexes. This calls for academic liaison librarians to stay current with standardization happenings in their disciplines.
Librarians can keep up with standards news in many ways, including monitoring headlines, social media posts, and freely available publications from ANSI, ISO, and the individual SDO's most relevant to their disciplines, and by joining SES -the Society for Standards Professionals. SES is a professional society that has members from government, industry, and academia interested in the topics of standardization and conformity assessment.
The society holds an annual conference, offers many webinars on current topics, and "information creation as a process," and "information has value," to better prepare students for the workplace, where they will need to locate and use standards, and potentially participate in the standards creation process.
The future of standards in academic libraries is challenging and exciting.
Traditionally, it has been engineering librarians associated with standards collections, even though their applications extend across many disciplines (Katusic et al. 2017) . To expand the role of standards in libraries and truly become campus leaders in standards integration, engineering librarians need to engage librarians from other disciplines, notably business, since standards have significant impacts on company decision-making and operations. As a result, students from many disciplines will be better prepared to enter the workforce.
